Time and soil development on lateral moraines, Martin River Glacier, south-central Alaska by Tinker, John R., Jr.
University of North Dakota
UND Scholarly Commons
Theses and Dissertations Theses, Dissertations, and Senior Projects
1967
Time and soil development on lateral moraines,
Martin River Glacier, south-central Alaska
John R. Tinker Jr.
University of North Dakota
Follow this and additional works at: https://commons.und.edu/theses
Part of the Geology Commons
This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact
zeineb.yousif@library.und.edu.
Recommended Citation
Tinker, John R. Jr., "Time and soil development on lateral moraines, Martin River Glacier, south-central Alaska" (1967). Theses and
Dissertations. 298.
https://commons.und.edu/theses/298
TIME AND SOI.1., DEVELOPMENT ON LATERAL MORAINES, 
MARTIN RIVER GLACIER, SOUTH-CENTRAL ALASKA 
by 
John R. Tinker, Jr. 
:i 
B. S. in Geology, Tufts University 1965 
A thesis 
Submitted to the Faculty 
of the 
Graduate School 
of the 
University of North Dakota 
in Partial Fulfillment of the Requirements 
for the Degree of 
·Master of Science 
Grand Forks, North Dakota 
October 
1967 
This thesis. submitted by John R. Tinker, Jr. in partial ful-
fillment of the requirements for the Degree of Master of Science in 
the University of North Dakota is hereby approved by the committee 
under whom the work has been done. 
Dean of the Graduate School 
303.BBB 
TIME AND SOIL DEVELOPMENT ON LATERAL 
MORAINES., MARTIN RIVER GLACIER 
SOUTH-CENTRAL ALASKA 
John R. Tinker, Jr. 
ABSTRACT 
During the summer of 1966, eighteen soil profiles on a series of 
21 lateral moraines, were studied to ascertain the relationship of time 
to soil development. The moraines are located on Charlotte Ridge on 
the south margin of the Martin River Glacier in south-central Alaska. 
The elevation of the highest moraine is approximately fifteen hundred 
feet and is located 800 feet above the present level of the glacier. 
To determine the direct effect of time on soil formation, the 
remaining soil forming factors were kept constant; the soil pits were 
located so that relief, exposure, and vegetation of the sites were as 
similar as possible. Till, rich in variable am.aunts of basalt, grano-
diorite and metamorphic rock, composed the moraine sediment. The 
climate of the region is cool maritime but microclimatic differences 
may be important for the ridge as a whole. 
Field results indicate that a mature podzolic soil has 
developed on the upper 14 moraines, whereas the lower 7 moraines 
iii 
are characterized by a regosol. Sam.ples of the soil horizons were 
collected £or laboratory analysis. 
The analyses for total carbon, carbonate carbon, organic car-
bon, nitrogen and particle-size distribution support the field descrip-
tions and also confirm the major difference in soil deveiopment be-
tween the fourteenth and fifteenth moraines. 
Lateral variation of the soil profiles along single moraines is 
minor. The increase in the abundance of cobbles in the till of the older 
moraines sharply increases the permeability of the till, thus increasing 
the depth of the soil profile. This variability in cobble distribution is 
the main factor affecting the minor soil profile differences on the older 
moraines. 
No absolute date of .formation exists £or the older moraines, but 
tree-ring analysis indicates that the youngest.two moraines formed in 
1910 and 1700-1800, respectively. A core of a large spruce tree im-
mediately upslope from the 1700-1800 year old moraine indicated the 
tree was at least 407 years old. But, the core penetrated only about 
half-way to the center of the tree revealing· a probable age of about 
800 years. Any further conclusion on the age of the older moraine must 
wait until datable material is found in the moraine sediment. 
The study of the relationship of time to soil development on the 
till of Charlotte Ridge indicates a significant time interval between the 
fourteenth and fifteenth moraines. Other significant differences in age 
iv 
or a gradational sequence in age 0£ the 21 moraines is not apparent 
from the analysis of the soil development. 
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INTRODUCTION 
General 
A soil is "the collection of natural bodies occupying portions of 
the earth's surface that supports plants and that have properties due to 
the integrated effect of climate and living matter, acting upon parent 
material, as conditioned by relief, over periods of time 11 {Odell 1960, 
p. 2-3). Vegetation, relief, climate, parent material, and time are the 
soil forming factors which directly influence the soil forming processes • 
. Additions to, losses from, and transformation and trans location within 
the soil system are the soil forming processes. To study the effect of 
time on soil development the variability of the remaining soil forming 
factors should be minimized. 
The twenty-one successive lateral moraines on Charlotte Ridge 
(Figs. 1, 2) present an opportunity for a study of the relationship of 
time to soil development. Although the climate of the Charlotte Ridge 
area is cool maritime, there is. the possibility that microclimatic varia-
tions may be important for the ridge as a whole. The lithology of lat-
eral moraines M-1 to M-14 (Fig. 3) is a heterogenous mixture of 
basalts, granodiorites, and fine textured meta:morphic rocks. The lith-
ology of moraines M-15 to M-21, however, is predominantly fine 
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Figure 2. --Topographic map of Charlotte Ridge. Profile A-B, from the 
base to the crest of Charlotte Ridge, is shown in Fig. 3. 
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Figure 3. --Profile A-B on Charlotte Ridge showing the elevations of the 
twenty-one lateral moraines. The location of 
Profile A-B is shown in Fig. 2. 
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_...,. ed rnetamorphic rock. Therefore, the soil forming factor of par-
te""""ur 
te rial does vary somewhat., but is as constant as could be hoped ent rna 
. for in a study concerning twenty-one different lateral moraines. The 
vegetation of Charlotte Ridge also varies, but uniform vegetation does 
cover large portions of the ridge. On the central part of the ridge from 
M-1 to M-14 there is a continuous alpine vegetation. Below M-14 alder, 
willow., and spruce are dominant. Because the slope of the flanks of 
the moraines varies from one moraine to the next, soil pits located along 
the crests of the moraines should minimize a slope factor. Also, the 
crests of the moraines are well drained in all instances. Therefore., if 
a series of soil pits was located on the crests of the moraines along the 
central part of Charlotte Ridge the only important soil forming variable 
would be time. 
Location 
Charlotte Ridge is located on the south margin of the Martin 
River Glacier in south-central Alaska between the Charlotte and Kushtaka 
lobes. The ridge, at 1440 9' west longitude and 6QO 27' north latitude is 
approximately 211 miles north 38° east from Katalla, Alaska and 551 
east from Cordova, Alaska (Fig. 1). 
Purpose 
During the summer of 1966., the soils on 21 successive lateral 
moraines on the part of Charlotte Ridge adjacent to the Martin River 
6 
Glacier were studied. The three objectives of th~ study were: to deter-
tnine the relationship of time to soil development on the lateral moraines, 
to describe the soils in the field, and to corroborate the field descrip-
tions by laboratory analyses. 
Previous Work 
The earliest publications on the glacial geology of the Martin 
River Glacier area were by Martin (1908, p. 50-52, pl. 5) and Tarr and 
Martin (1914, p. 463). More recently, Kachadoorian (1960) mapped and 
described the geology of the adjacent Katalla region with the purpose of 
defining the engineering prospects of this area. As a part of this study, 
Kachadoorian included a map of the glacial deposits and bedrock geology 
of the Charlotte Ridge area. The only other published research i:ri this 
area was. initiated by a team from the Geology Department at the Univer-
sity of North Dakota during the summer of 1962. The purpose of this 
investigation was to study the deposits associated with the Martin River 
Glacier and to determine the relationships of mollusks and sediments in 
lakes on and adjacent to the glacier (Reid and Laird, 1963). From this 
investigation, a series of publications has resulted, specifically, Reid 
and Clayton (1963), Clayton (1964), Call.ender (1964), Reid and Callender 
(1965) and others. Currently, R_eid (in preparation) is investigating the 
regimen of both the Martin River and Sioux Glaciers. 
The soils of the Martin River Glacier area have not been previously 
But farther south, Crocker and Major (1955) studied the soil 
8 
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PHYSICAL GEOGRAPHY OF THE AREA 
Climate 
The climate of Charlotte Ridge and the Martin River Glacier area 
is characterized by heavy precipitation with moderate winter and low 
sw:runer temperatures. The climate of this area is classified by Koeppen, 
as revised by Trewartha (1943), as Def. 
The U.S. Weather Bureau classifies the climate for the nearest 
town of Cordova. Alaska as maritime and has surrunarized the weather 
data from 1943 to 1963. These data are presented in Table 1. 
The nearnes.s of the ocean, the exposure of the area to the fre-
quent lows which develop in or move out of the Gulf of Alaska, and the 
rugged mountain topography cause abundant precipitation in this area. 
The warm waters of the Pacific Ocean greatly modify the temperatures 
of this area by maintaining daily and seasonal temperature ranges within 
narrow limits. In brief, this area is wet and cool, and summer research 
is frequently hampered by weather. 
Topography 
The topography of the Charlotte Ridge area is dominated by the 
debris-covered Martin River Glacier. A small lobe of the glacier passes 
TABLE 1 
SUMMARY OF WEATHER DATA FOR CORDOVA, ALASKA (1943-1963) 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct, Nov. Dec. Annual 
Mean 
Temp. 23. 7 26. 3 28.6 35.6 43. 4 49,9 53. 1 52.6 47.7 39. 7 30.7 25.2 38. 1 
Degree F. 
Max, 
Temp. 31. 6 34.8 37. 4 43.7 51. 5 57.7 60.2 60.6 55.6 47.0 37.7 32.4 45.9 
Degree F. 
Min. 
lo-
o Temp. 15.7 17. 7 19.8 27.5 35. 3, 42. 1 45,9 44.5 39.8 32.4 23. 6 18.0 30.2 
Degree F. 
Mean 
Precip. 6.82 4.99 4.50 4. 32 5.94 4.21 7.06 9. 05 13.79 12. 36 8.63 7.41 89,08 
(inches) 
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· n Charlotte Ridge and 11Beam Hill" (Fig. 1) and terminates in an betwee . 
outwash-plain delta about a quarter of a mile from Lake Charlotte. 
The lobe has an average width of 0. 8 miles and an average length of 
l. 3 rniles. Charlotte Ridge is located on the northeastern side of this 
lobe and rises from an elevation of 700 feet at the base to about 1600 feet 
near the crest. Glacial till veneers the ridge up to an elevation of about 
1500 feet. Twenty-one lateral moraines have been identified on the 
ridge, the youngest just adjacent to the glacier and the oldest an an eleva-
tion of approximately 1500 feet {Fig. 3, 4). The moraines range from 2 
to ZS feet high and from 1 to 10 feet wide (Fig. 5). The moraines are 
clearly visible throughout the area on U.S. Department of Agriculture 
aerial photographs. 
Vegetation 
From a. study of the vegetation at the terminus of the Martin River 
Glacier, .the initial vegetation that appears on deglaciated surfaces con-
sists primarily of alder (Alnus fruticosa Rupr. ), willow (Salix), Sitka 
spruce (Picea sitchensis (Bong.) Carr.), and hemlock C£suga hetero-
phylla (Raf.) Sarg.) (K. Bruce Switzer, personal communication, De-
partment of Biology, University of North Dakota). Because the ecolog-
ical conditions are more conducive to the growth of alder and willow, 
these plants soon become the dominant vegetation. Eventu,ally, however, 
the development of the cottonwood and Sitka spruce supersede the alder, 
willow, and hemlock. Finally, a hemlock forest occurs to climax the 
general vegetation succession for this area. 
Figure 4. --Lateral moraines on upper part of Charlotte Ridge. Snow is 
in the low areas between moraines. 
Debris-covered Martin River 
Glacier is in background. 
Photo by Lee Clayton 
Figure 5, --Lateral moraines on upper part of Charlotte Ridge. Larg·e 
moraine in background is approximately 18 feet high. 
Photo by Lee Clayton 
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On Charlotte Ridge, the vegetation varie_s from primarily alder 
and willow adjacent to the glacier to a predominantly Sitka spruce vege-
tation with an understory of devils club and salmonberry (Rubus spectabilis 
P shl at an elevation between 800 and 890 feet. Figure 6 shows spruce . ur 
trees growing along the crest of a lateral moraine at an elevation of 
approximately 870 feet. Above an elevation of 890 feet to an elevation of 
1030 feet, the vegetation is mainly scattered Sitka spruce and hemlock 
with open areas of alpine vegetation, specifically black lily (Fritillaria 
ca.:rntchatcensis (L.) Ker), narcissus-flowered anemone (Anemone nar-
cissiflora L. ), silky lupine (Lupin us sericeus Pursh), four-angled 
mountain heather (Cassiope tetragona (L.) D. Don), yellow heather 
{Phyllodoce glanduliflora (Hook) Cov.), 11dwarf fireweed" or II riverweed11 
(E;eilobium latifoliurn L. ), two-flowered violet (Viola biflora L. ), a 
single stock sedge, a variety of fern, and a type of moss. Above 1030 
feet, the vegetation is alpine with a few stunted Sitka spruce and hemlock. 
· Figure 7 illustrates this vegetation growing on one of the lateral moraines. 
In summary, the vegetation above an elevation of 1030 feet is 
mainly a uniform-alpine vegetation. Below 1030, spruce and alder pre-
Figure 6. --Spruce trees growing along crest of lateral moraine M-15. 
Photo by John Tinker 
Figure 7. - -Alpine vegetation on upper part of Charlotte Ridge. Lateral 
moraines extend along valley side in the background. Lake Charlotte 
can be seen in right-central part of photograph. 
Photo by Lee Clayton 
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FIELD PROCEDURES 
Soil Pit Sites 
Due to the coarseness of the sediment along parts of some of 
the moraines, soil pits were located where the sediment was relatively 
fine. Of the 21 lateral moraines only 10 were studied in detail. The 
soils on several moraines, specifically moraines M-5, M-7. M-8, and 
M-12, were not studied because these moraines consist predominantly 
of cobbley. bouldery, gravel (Fig. 3). No soil pits were located on 
moraines M-1 and M-3 because of snow cover, nor on moraine M-16 
because of its small size. Moraine M-5 was not studied because of its 
close proximity to moraines M-4 and M-6. From visual inspection of 
the most recent moraines, M-20 and M-21, it was evident that a soil 
profile did not exist on these moraines. Therefore, soil pits were not 
located there either. 
On the majority of the moraines, two and sometimes three soil 
pits were dug on a single moraine. This was to detect any lateral varia-
tion in the soils along a single moraine. In smnmary. three soil pits 
were dug on moraine M-2, two on M-4, M-6, M-11,. M-13, M-14, and 
M-15 and one on M-9, M-17, and M-19 (Fig. 8). 
15 
·r N MN 
I 
\'. 
\ \ \ 
' I i/4 MILE 
:t-,....----- --~_J 
8. --Location map of the twenty-one lateral moraines, as 
interpreted from aerial photographs, and of the 
eighteen soil profiles described. 
Dotted lines indicate approx-
mate position of moraines. 
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Preparation and Description of-Soil Profile 
were excavated to approximately l i feet wide and 2 feet 
The depth of the soil pit was determined by the depth to the parent 
·a1· and varied from one location to another. The soil profile was 
·bed following the procedure in the Soils Survey Manual ( 1951) as 
~nded by the U.S. Department of Agriculture. Color, texture, 
stence (moist and wet), structure, permeability, presence of roots 
ther factors were included in the soil profile description. Values of 
determined however, due to a malfunction in the pH 
Soil Horizon Samples 
Saniples of every soil horizon were collected in the field, but due 
rusion by bears several samples were lost. However, enough 
ies remained to ·secure informative results from laboratory work. 
· g a sample, a knife was used to transfer the sediment from the 
n to a plastic bag. Care was taken to avoid contamination. The 
es were then packed in cloth bags and shipped to the University of 
analyses. 
LABORATORY PROCEDURES 
Introduction 
. Mechanical and chemical analysis of the samples from the soil 
horizons were made at the University of North Dakota to determine 
particle-size distribution, total carbon, carbonate carbon, organic 
· carbon, and total nitrogen. Because fungi were noticed growing in the 
sample bags upon arrival at the University, no attempt was made to 
analyze the samples for pH. 
Mechanical Analysis 
A modification of the pipette method described by Keltner and 
Alexander (1949) was necessitated by the abundance of clay skins on the 
pebbles and cobbles. The clay skins prevented the usual separation of 
the coarse fraction (greater than Z mm) from the finer fraction (less 
. than 2 mm). This was suggested in the preparation of the sample for 
removal of the organic matter by treatment with hydrogen peroxide. 
In this analysis, the total sample was treated with hydrogen peroxide 
with subsequent separation of the silt-clay particles. Also, the pro-
.• cedure fo.r the removal of dissolved-mineral matter was not necessary 
.because of the insignificant amount in the samples. Dispersion of the 
18 
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le was accomplished by using 100 ml. of 4 per cent solution of cal-ea:mP 
Pl·pette withdrawals were made for the 20 micron, 5 micron, and 2 gon. · 
:xnicron particles. The method recommended by Folk (1964, p. 36) was 
-.. 
followed to determine the total amount of sediment in the pipette tube. 
The textural sizes of _the coarse fraction were determined by dry 
. sieving (Folk 1964, p. 33-35). The percentage of each textural group 
was calculated on the basis of the total weight of the sample. 
Chemical Analysis 
Chemical analysis of the dried, ground sediment samples included 
total carbon by quantitative dichromate oxidation and measurement of the 
CO2 evolved {Maciolek, 1962, p. 27), carbonate carbon by reaction with 
· .. ,hydrosulphuric acid and measurement of the COz evolved (Herrin et al, 
1958), organic carbon as the difference between total carbon and carbonate 
. rbon, and total nitrogen by macro-Kjeldahl distillation of the solution 
ich remained from the total carbon analysis {Maciolek, 1962, p. 30}. 
FIELD RESULTS 
General 
Eighteen soil profiles on the lateral moraines of Charlotte Ridge 
The results indicate that the upper fourteen moraines, 
'aines M-1 to M-14, are characterized by a well developed soil with 
Moraines M-15 to M-19 bear an immature pro-
generally consisting of a thin 01 and 02 horizon above a C horizon. 
and M-21 are unvegetated and have no observable soil 
Table 2 is a description of one of the typical mature soils, and 
3 is a description of a typical immature soil. Figure 9 shows 
'.profile M-2B with the horizons labelled. The eighteen soil profile 
riptions are given in Appendix A. Before delineating the distribu-
" 
of the mature and immature soils, a characterization of the soil 
ons of these soils will be presented. 
Mature Soil Profile 
The 01 horizon of the soil on the upper fourteen moraines consists 
· identifiable remains of the alpine vegetation as described in the 
non Vegetation. 
zo 
N 
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A TYPICAL DESCRIPTION OF THE MATURE SOIL ON THE UPPER. FOUR.TEEN MORAINES OF 
CHARLOTTE RIDGE 
Horizon Depth in Characteristics 
Inches 
01 2-1 Black Lily, narcissus-flowered anemone, silky lupine, sedge, and fern. 
02. 1-0 Decayed plant materialj abrupt, smooth boundary. 
AZ 0-1 Gray ( lOYRS/ 1, dry) dark brown 10YR3/ 3, moist); gravelly silt loam; struc-
tureless, massive; very friable, slightly sticky, slightly plastic, many roots; 
clear, smooth, boundary. 
IIAZ 
B2.lthir 
B2.2tir 
B3 
C 
1-1 3/4 Cobbley; structureless, single grained; loose, nonsticky, nonplastic; many 
roots; clear, smooth boundary . 
1 3/4-6 Dark brown (7. 5YR4/4, dry) dark reddish brown {5YR3/3, moist); gravelly 
sandy loam; moderate, fine, crumb structure; very friable, sticky, slightly 
plastic; roots present, clear, wavy boundary. 
6-10!, Pale brown {10YR6/3, dry) brown {10YR4/3, moist); very gravelly sandy 
loam; structureless, single grained; very friable, slightly sticky, slightly 
plastic; few roots, clear, irregular boundary. 
10}-11 3/4 Brown {10YR4/3 moist); very gravelly loamy sand; structureless, single-
grained; loose, nonsticky, nonplastic; no roots; clear, irregular boundary. 
11 3/4-2.9 Light brownish gray (2. 5YR6/2, dry) dark grayish brown {10YR4/2, moist); 
very gravelly loamy sand; structureless, single grained; loose, nonsticky, 
nonplastic; no roots. 
,N 
N 
TABLE 3 
(SOIL PROFILE M-17A) A TYPICAL DESCRIPTION OF THE IMMATURE SOILS ON THE LOWER 
SEVEN MORAINES OF CHARLOTTE RIDGE 
Horizon 
01 
02 
C 
DeEth in 
Inches 
---r l-2 
1-o 
0-20 
Characteristics 
Undecayed spruce needles; spruce, alder, devils club, and moss nearby. 
Decayed plant material; abrupt, smooth boundary 
Gray (2. 5 Y 5/0 dry) very dark gray (2. SY 3/0, moist) very gravelly loamy 
sand; structureless, single grained; loose, nonsticky, nonplastic; few roots 
about 12 inches into horizon, 
·~·-· 
-. 
re 9. --Soil profile MZB .• Note the texture of the AZ horizonJ and 
its close association with the surface mat of vegetation. 
Photo by John Reid 
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The 02 horizon is com.posed 0£ decayed plant material resulting 
the accum.ulation 0£ material from the 01 horizon. The combined 
ct of the 01 and 02 horizons is a thick integrated mat 0£ decayed, 
ecayed, and living plant material. A dense root system emanates 
this mat and usually terminates deeply in the B horizon. 
Below the surface mat 0£ vegetation but closely related to the 
er dense part 0£ the root system is a gray-brown, highly organic, 
-loam horizon 0£ 1 to 3 inches in thickness. The clay content of 
horizon ranges from 4 to 19 per cent. The organic carbon ranges 
3. 6 to 13. 5 per cent. The thickness, color, and development of 
horizon varies, but the horizon is recognizable in all the profiles 
In some instances, this silt-loam horizon overlies a cobbley 
In most cases, this cobbley horizon is about 
The silt-loam horizon is designated as an A2 horizon with 
cobbley horizon, when present, designated as the IIA.2 horizon. 
The IIB horizon is defined by the presence of a crumb structure 
· intense illuviation. The thickness of this horizon varies and depends 
11 the presence of the IIA2 and the llB horizon itself. When the IIA2 
·zon is present or a significant amount 0£ cobbles or small boulders 
a. . h 
r int e llB horizon, the permeability of the soil is greatly 
25 
evident at a greater depth. In most in-
e llB horizon is subdivided into a IIB21 and a IIB22 horizon • 
. 1 refiles, a IIB23 is apparent whereas in other profiles s~ p . 
These subdivisions of the B horizon are based on 
.ch depends primarily upon the type of material being illu-
e upper portion of the IIB horizon, or IIBZ l, is dark-reddish 
dark brown (5YR2/2 or 7. 5YR3/2, moist) resulting from 
humus and clay particles. Immediately below the IIBZ l the 
des into a dark-reddish brown (5YR3/3, moist) 1IB22 horizon 
rized by illuviated clay and iron oxide. In some cases, a color 
efines a IIB23 horizon between the IIB22 and the underlyin~ 
Prominent characteristics of the entire IIB horizon 
:yed pebbles and highly developed clay skins on sand, pebble, 
le particles. The upper portion of the IIB horizon has many 
ich diminish in abundance with depth. The texture of the IIB 
:varies from very gravelly or ·gravelly sandy loam to loamy sand. 
an num.eral II or III is used to represent the lithologic change 
the B horizon and AZ or IIA2 horizon. 
,.The llB3 horizon is the transition zone between the IIB and IIC 
, 
8
• llluviation of clay and iron oxide is at a minimum in this hor-· 
0 soi1 structure is evident in the IIB3 horizon. Also, the root 
. terminates in this horizon. 
26 
The C horizon is gray to yellowish brown (Hue lOYR to 2. 5 Y) 
h acterized by a mixture of basalt, granodiorite. and fine c ar -
r ed metamorphic rocks. The texture of this horizon is typically very 
elly or gravelly loamy sand or sandy loam.. No roots or decayed 
les were found in the C horizon. 
In swnmary, the mature soil profile of the upper moraines is 
ily recognized by well developed soil horizons; ~he horizons have dis-
ct characteristics which permit rapid identification. 
lriunature Soil Profile 
· and 02 Horizons 
The 01 and 02 horizons for moraines M-15 to M-19 consist of a 
· ch layer of both undecayed and fresh spruce needles. No integrated 
· .;t of vegetation exists, but a diffuse root system is present from nearby 
· er and spruce trees. Moraines M-20 and M-21 are devoid of vegeta-
~ and therefore lack an 01 and 02 horizon. 
A 3-inch gray (5Y6/ 1, moist) bleached horizon is apparent in soil 
On moraines M-17 to M-19, this bleached 
horizon was not present. Texture, structure, and all other field 
logical observations of this horizon are similar to the underlying C 
27 
gray (2. SY to SY). The horizon is a very grav-
lly sandy loam or loa.:my sand of predominantly fine-textured grave 
orphic rocks. Several subdivisions of this parent material was 
ary due to lithologic changes. Roots of a few nearby spruce trees 
evident. No additions, removals, transformation or translocation 
terial in the soil system were detected. 
Distribution of the Soils 
The relationship between the well developed and poorly developed 
on Charlotte Ridge is illustrated by the cross section of soil pro-
M-9A, M-llB, M-13B, M-14B, M-lSA, M-17A, and 
The difference in soil development between the four-
h and fifteenth moraines is striking. Little variation in depth or 
, of horizons exists for moraines M-2 to M-14. When an increase in 
permeability is caused by the presence of a IIA2 horizon or abundant 
les in the IIB2 horizon, the depth of illuviation in the IIB horizon is 
This is well illustrated in soil profile M-13B. The sym-
used in Figure 10 are standard soil symbols; 11 t 11 for illuviation of 
., "h" for illuviation of humus, and "ir11 for illuvial i ran oxide. 
Two. or sometimes three soil pits were dug along a single moraine 
representative soil for the moraine. Figures 11 and 12 
trate the lateral variation along moraines M-2, M-4, M-6, M-11, 
M-14, and M-15. Little lateral variation exists except where 
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Figure 10. - -Schematic diagram of soil profiles from the upper moraine, M-2, of Charlotte Ridge 
to the lower moraine, M-19. Note the difference in soil development 
between moraines M-14 and M-15. 
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Figure 11. - -Soil profiles illustrating the lateral variation along individual moraines. 
Note the increase in depth of the soil horizons when the I1A2 
horizon is present. 
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Figure 12. --Soil profiles illustrating the lateral variation along individual moraines. 
Note the increase in depth of the soil horizons when the IIA2 
horizon is present. 
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: ·s an increase in permeability. When an increase in permea-
re 1 
of horizons remain the same 1 but the depth of 
e horizons increases. Soil profiles M-4B, M-llB, M-13A, and M-I3B 
lustrate this phenomenon. 
In summary, the distribution of the soils on the lateral moraines 
0 £ Charlotte Ridge demonstrate a significant difference in soil develop .. 
rnent between the fourteenth and fifteenth moraines. Lateral variation 
of the soils along a single moraine is determined primarily by the per-
rneability of the till and varies from one site to another. 
' LABORATORY RESULTS 
General 
To confirm the field observations, laboratory analyses were con-
ducted to determine particle size distribution, total carbon, carbonate 
carbon, organic carbon, and total nitrogen. Appendix B presents the 
complete data for the analyses. By plotting the percentages of clay, or-
ganic carbon, .nitrogen, and carbon-nitrogen ratios against depth of the 
soil profile, certain conclusions can be realized. 
Clay Content 
Figures 13, 14, and 15 represent the distribution of clay {less 
than 2 microns) throughout the eighteen profiles described. Dotted lines 
on the graphs are interpretations made necessary because of the destruc-
tion of a number of samples in the field by bears. For the same reason, 
· several graphs are represented only by one or two points • 
. For moraines M-2 to M-14, the maximum values of clay accum-
ulation range from 3. 5 to 19 per cent and correspond to the AZ horizon. 
This range of values is probably related to the origin of the AZ horizon, 
which will be discussed later. The values for the IIB horizon range from 
1 to 5 per cent, whereas the values for the C horizon span from O. 2 to 
31 
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to M-6A (for locations see Fig. 8). Dotted lines are interpretations of 
approximate distribution of clay. Clay is all particles 
less than 2 mm in size. 
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M-19. Clay is all particles less than 2 mm in size. 
35 
The higher clay content of the IlBZ horizon compared with 
·. . on indicates an increase of clay due to illuviation. As would hor1z 
t d there is a decrease in clay from the IlBZl to the IlB22 ec e , 
·. No gradation of clay values exists for the IIB horizon in mor-
·zons . 
. s M-2 to M-14. But, there is a slight gradation corresponding to 
In general, however, high value.s of clay are recognized 
moraines M-2 to M-14 for both the AZ and IlBZ horizons. 
A striking difference in clay content exists between moraine M-14 
Moraine M-15 and lower moraines have clay values con-
erably less than one per cent throughout the soil profile. This sup-
. rts the field observation that pedological processes have been operating 
r a longer period of time on the upper fourteen moraines than on the 
wer seven moraines. 
The close association of percentage of clay and the field descriptions 
f the types of horizons help verify that the horizons were correctly iden-
For exam.ple, field descriptions of soil profiles M-13A 
and M-14A indicate that the soil pit did not reach the C horizon. In com-
.paring the percentage of clay and depth for the IIBZZtir horizon of pro -
'file M-13A and IIB23tir horizon of profile M-14A to the percentage of clay 
:;and depth of the C horizons of nearby soil pits (Figs. 13, 14, and 15}, 
it is evident that the depth of the IIB horizons of soil profiles M-13A and 
M-14A have been affected by illuviation, whereas the depth. of the C 
ho . . 
rizon of adJacent moraines have not. There appear to be no anomalies 
36 
between the soil horizons defined in the field and the laboratory data on 
day distribution. 
Organic Carbon Content 
Figures 16, 17, and 18 show the distribution of organic carbon 
for moraines M-2 to M-19. For moraines M-2 to M-14, there is a de-
crease in the percentage of organic carbon from a maximum value in the 
AZ horizon to a minimum value in the C horizon. Organic carbon values 
of the AZ horizon range from 3. 6 to 13. 5 per cent, and for the C hori-
zon from O. 5 to 3. 4 per cent. There is a slight decrease in the maxi-
mmn values from soil profiles M-2 downslope to M-14. The organic 
carbon content for soil profiles M-15A to M-19A are essentially neg-
ligible, as maximum values are only slightly greater than one. This 
sharp anomaly of organic values between moraines M-14 and M-15 indi-
cates that the production and translocation of organic carbon in the soil 
profiles on the upper moraines has been at a higher intensity than for 
Again, this supports the field observation that 
well developed soils are located on moraines M-1 to M-14 and poorly 
developed soils on moraines M-15 to M-21. 
For the same reasons as presented in the previous section on 
cl~y content, the close association of the percentage of organic carbon 
with depth to the types of horizons defined in the field supports the con-
,clusion that the field descriptions are valid. 
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M-2A to M-6A (for location see Fig. 8). Dotted lines are inter-
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Total Nitrogen Content 
20 and 21 show the distribution of total nitrogen with 
e soils described. For moraines M-2 to M-14, there is a 
the percentage of total nitrogen from the expected maximum 
e AZ horizon to a minimum value in the C horizon. Total 
alues for_the AZ horizon range from O. 33 to O. 87 per cent, 
e c horizon from O. 02 to O. 39 per cent. There is no signif-
. a.tion or trend for the maximum values of total nitrogen from 
-Z to M-14. 
e total-nitrogen content for moraines M-15 to M-19 ranges 
5 to O. 86 per cent with no trend of the values when plotted 
Comparison of the ;total-nitrogen 
:Jvf-15 to M-19 with the data for M-2 to M-14 again reveals the 
between the mature soils of the upper moraines and the im-
oil of the lower moraines. 
Carbon-Nitrogen Ratios 
he graphs for carbon-nitrogen ratio versus depth of soil profile 
;aines M-2 to M-14 show no consistent pattern (Figs. 22, 23, and 
r soil profiles M-2A, M-llB, and M-14A, the carbon-nitrogen 
crease with depth, whereas for soil profiles M- llA and M-13B, 
es increase with depth. For soil profiles M-2B and M-ZC, in-
in the carbon-nitrogen ratios in the IIB2Ithir and C horizons 
ent. Soil profiles M-4B, M-6B, M-9A, M- l 3A, and M-14B show 
·atent trend in the carbon -nitrogen ratios. 
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M-6B to M-13B (for location refer to Fig. 8). 
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Carbon-nitrogen ratios for the lower moraines are predominantly 
0 because of the lack of organic matter. zer , 
The higher carbon-nitrogen ratios, for example, the IIC hori-
zon of M-ZB and IIIC horizon of M-4B, might indicate that the labora-
tory method used to measure total nitrogen was successful in extracting 
all of the organic nitrogen, but failed in extracting all of the inorganic 
nitrogen. The failure in extracting all of the inorganic nitrogen would 
tend to increase the carbon-nitrogen ratios for the samples containing 
small amounts of organic nitrogen, specifically the C horizons. 
It seems that no major inference can be resolved from the car-
bon-nitrogen ratios for the soils of Charlotte Ridge. 
Sunnnary 
In conclusion, the laboratory analyses support the soil profile 
descriptions made in the field, and further support the observations on 
the distribution of the soil on the twenty-one lateral moraines. 
A 
DISCUSSION 
Origin of the AZ Horizon 
An AZ horizon is a horizon of eluviation, usually lighter in color 
an the underlying B horizon, lower in organic carbon than the overly-
ing Al horizon and underlying B horizon, and lower in clay content than 
e underlying B horizon. The eluviation of the finer and less resistant 
aterial usually results in an AZ horizon rich in quartz particles greater 
2 microns in size. The AZ horizon of Charlotte Ridge has the gray 
lor and position of an AZ horizon, but it lacks the identifying low 
alues of clay and organic carbon. As previously mentioned, the clay 
up to 19 per cent and organic carbon as high as 14 per 
Several theories can be presented that might explain the o.rigin 
such a horizon. In the Charlotte Ridge area lush vegetation is found 
bnmediately adjacent to the recently deglaciated surfaces. The rate of 
roduction of organic material is high, but the cool, short summers are 
t conducive to the decay of such material. As a result, a thick mat 
· f decayed and partly decayed plant ~ate rial accwnulates at the sur-
An Al horizon, or surface accumulation of hmnified-organic 
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b V e the mineral fraction, might also be expected to form. rao . . 
i'" an Al horizon is not formed due to the rapid infiltration of 
ever, 
90 inches or so of precipitation .that falls each year here. The col-
. n of hwnifi~d-organic matter and the position of leaching occurs 
· h close proximity that a separate Al horizon does not form. UC 
pedologic procesf!ies result in a thick mat of vegetation underlain 
. . . 
an organic-rich, gray-brown horizon which owes its origin to both 
viation and accumulation of organic matter. Beneath this horizon 
·the B horizon characterized by illuviation of humus, clay, and iron 
Another fact to consider is that this horizon is so closely re-
ed to the root system emanating from the surface mat of vegetation 
roots were collected as part of the sample analyzed 
r this horizon. This would explainthe abnormally high values for 
The remaining fact to be discussed is the high_ content of clay 
d silt in this gray brown, highly organic horizon. By definition, an 
. 2 horizon is not rich in silt and clay unless the horb;:on originally began 
This idea is not fruitful for the Charlotte Ridge area because 
· the extreme rate of infiltration. The infiltration of water is so in-
use that any original 1 to 3 .inch surface accumulation of silt and clay 
uld be quickly destroyed by eluviation. It seems that an origin based 
a relatively continuous supply of silt and clay is needed to explain 
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At least three ideas can be presented. The first and 
st plc1;usible is that the layer represents a volcanic ash accumulation. 
Copic study of the sediment reveals a composition of quartz with cros - . _ 
ser amounts of feldspar and hornblende. A single x-ray test revealed 
p.trnorillonite and illite as the predominant clay material. Under the 
croscope, volcanic shards were not evident, and the· sediment gave 
other indication of a volcanic· origin. 
The second explanation is that the accumulation of clay material 
result of some relationship to the decayed and undecayed mat of 
However, an opaline-rich material would most likely re-
from the mineral accumulation of decayed plant material instead of 
lithology just stated (Smithson, 1956). 
The third hypothesis involves the periodic accum.ulation of loess. 
eolian activity in the wet environment of the Charlotte Ridge area has 
been observed; however, Clayton {personal communication, 1967) 
seen trees stripped of bark on the upwind side along the Copper River 
_ a 28 miles farther west. This results from the movement of silt 
fine sand by winds moving down the valley toward the Copper River 
. in the winter and early spring. Further eolian action is indicated 
e large dunes present on the lower part of the Copper River Delta. 
the nearest outwash plains are located about 18 miles west- south-
from the Charlotte Ridge area. Even though these areas are not 
to the prevailing wind direction for the Charlotte Ridge area, 
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:inight be conceivable that loess may occasionally be transported from 
'f.hese outwash plains onto Charlotte Ridge. If this were the case, the 
],oess would collect only in areas co~ered by a mat of vegetation. Where 
,ao :inat occurs, the loess would be dispersed by infiltration or runoff. 
This may explain the lack of silt-clay sediment on the lower moraines 
and an abundance on the upper moraines. 
Before an adequate explanation can be presented, more field 
·. work is needed on the distribution and characteristics of this silt-loam 
For now, the gray color and position of this horizon, plus the 
verall pedological environment of the area, seems sufficient £or the 
anling of this layer as an A2 horizon, whatever its origin may be. 
Origin of llA2 Horizon 
At Glacier Bay, Alaska, Crocker and Major (1955) have stated 
ton recently deglaciated surfaces a stony-surface pavement develops 
e to freezing and thawing and wetting and drying. Except £or the 
ry thick layers of cobbles, the cobble horizons located beneath the 
hprizons of the upper moraines may represent relict-stony pave-
nts due to freezing and thawing, as described by Crocker and Major. 
,e thicker horizons of cobbles reflect the original texture of the 
with little modification by subsequent processes. 
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Relationship of Time to Soil Devel<:pment 
The purpose of the study of the soils on Charlotte Ridge was to 
t ·gate the relationship of time to soil development. Soil pits were ves 1 , 
cated so that the variation of the soil forming factors of relief, parent 
terial, climate, and vegetation were minimized. The major remain-
soil forming factor of time. Field and laboratory 
esults indicate that the pedological processes on Charlotte Ridge have 
r•sulted in a mature profile on the upper fourteen moraines and an im-
mature profile on the lower seven moraines. The question that remains 
:is, what is the relationship of time to the development of these soils? 
During the study, trees were cored on the upper moraines and these 
revealed an age of only fifty years. This is hardly an indication of the 
age of these moraines. A search for material datable by radio-carbon 
methods was of no success. Reid (Reid and Dohm, in preparation) has 
cored several tens of tr.ees in the area of Lake Charlotte, on the sides 
of Beam Hill, and in adjacent areas of Charlotte Ridge. The results of 
that investigation revealed that the twenty-first moraine was constructed 
approximately 1910 and the twentieth moraine some time between 1700 
A core of a large spruce tree immediately upslope of the 
twentieth moraine revealed 407 rings. But, the core penetrated only 
·· .. about half-way to the center of the tree indicating a probable age of 
about 800 years. This suggests that moraines M-19 to M-15 are some-
9hat greater than 800 years, and the upper moraines having the mature 
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considerably greater than 800 years. At the present, no other 
e dates are available. 
I{achadoorian ( 1960) described several advances of the Kushtaka 
of the Martin River Glacier, and published a map of the resulting 
The map also describes and locates the glacial deposits for 
otte Ridge, but the map does not agree with the field work or 
-photograph interpretation related to this study. Kachadoorian 
pted to tentatively date the moraines for the Kushtaka Lobe, but 
observations cannot be extended to the Charlotte Ridge area. 
hadoorian also reported that there was no significant soil develop-
.ton the moraines of Charlotte Ridge. This also is in contradiction 
In conclusion, a lack of absolute dates for the moraines on Char-
. e Ridge hampers the fulfilhnent of the study of the relationship of 
e to soil development. Until datable material is obtained for the 
a completion of the initial study cannot be achieved. 
CLASSIFICATION OF SOIL 
classify the soils on the lateral moraines of Char-
dge based on the classification presented in 11Soil Classification, 
roximation 11 Soil Survey Staff, (1960) was unsuccessful. More 
such as extractable cations, cation exchange capacity, 
ase saturation, are needed to correctly classify the surface and sub-
'-
However, by comparing the soil profiles with soil pro-
s presented in the 7th Approximation, the soil on the upper moraines 
s to belong to the Spodosols of the suborder Orthod. 
According to the classification of Baldwin, Kellogg, and Thorp 
938) and as later .revised by Thorp and Smith (1949), the soil on the 
classified as a podzolic soil. In comparing the 
and soil regions presented in "Soils of the 
estern United States" (1964), the soils closely resemble the Humic 
Podzols of Soil Region F. The zonal soils of both these classifica-
tions include great soil groups, which are classified by the soil forming 
factors of climate and vegetation. Because relief, parent material, 
and time are also important soil forming £actors, the properties of the 
. soils of Charlotte Ridge will not directly correspond with all of the 
recognized characteristics of the podzolic soils of the continental United 
States. 
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soils of the lower moraines of Charlotte Ridge are 
'1s as described by Bidwell (1956). 
u:rnrnary, the pedological processes of Charlotte Ridge have 
a podzolic soil on rnoraines M-Z to M-14 and regosol on 
CONCLUSIONS 
Twenty-one lateral moraines occur on the side of Charlotte 
Pedologic processes have caused the formation of a mature pod-
:'zolic soil on the upper fourteen moraines and a regosol soil on the lower 
For the mature soils, the high precipitation, the cool 
perature, and abundant vegetation favor the accumulation of litter and 
ganic matter as an organic layer at the soil surface. Silt and clay from 
unknown source, acted upon by strong eluviation, has caused the pro-
dion of a thin gray-brown A2 horizon immediately below the surface 
ter. Reduction and movement of the surface organic layer, with 
translocation of free oxide and clay of the A2 horizon, favors the 
elopment of a brown to reddish-brown (iron and humus) horizon 
ctly below the AZ horizon. Clay skins and a fine crumb structure also 
the IIB horizon. Variation in depth of the horizons of the soil pro-
depends on the permeability of the till. Field and laboratory results 
rt the above as well as the difference in soil development between 
fourteenth and fifteenth moraines. 
Tree-ring analyses date the formation of the twe~ty-first moraine 
proximately 1910 and the twentieth moraine as between 1700 to 1800. 
morainesM-19 to M-15 are greater than 800 years old and 
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es M-14 to M-1 are considerably greatei: than 800 years old. 
The study of the relationship of time to soil development on the 
Charlotte Ridge indicates a significant time interval between the 
enth and fifteenth moraines. Other significant differences in age 
in age of the Z 1 moraines is not indicated by 
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APPENDIX A 
his appendix contains the eighteen soil profile descriptions 
Us developed on the lateral moraines of Charlotte Ridge • 
. Figure 8 for the location of the soil profiles. 
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Depth In 
Horizon Inches 
t)l 2-1 
02. 1-0 
AZ 0-2 
IIA2. 2-3 
3-7} 
l0!-33 
M.:.2A 
Description 
Black lily, narcissus-flowered anemone, silky 
lupine, sedge, fern, and moss. 
Decayed plant material; abrupt, smooth boundary. 
Light gray (10YR6/l., dry) dary gray (10YR4/l, 
moist); silt loam; structureless, massive; friable, 
sticky, plastic; many roots; abrupt, smooth boun-
dary. 
Cobbley; structureless., single grained; loose, non-
sticky., nonplastic; many roots; excellent permea-
bility; roots and sediment of AZ horizon surround 
cobbles; clear, wavy boundary. 
Brown (7. 5YR5/6, dry) dark brown (7. 5YR3/2, 
moist); very gravelly loamy sand; strong:, fine 
crwnb structure; very friable, slightly sticky, 
slightly plastic_; illuviated clay form clay skins 
on pebbles and cobbles; few decayed pebbles; few 
roots; good permeability; clear1 wavy boundary. 
Strong brown (7. 5YR4/ 4 1 dry) dark reddish brown 
5(YR3/ 4, moist); very gravelly loamy sand; strong 
fine, crwnb structure; friable, sticky, slightly 
plastic; illuviated clays form clay skins on pebbles 
and cobbles; few decayed pebbles; few roots; good 
permeability; gradual, irregular boundary. 
Pale brown {10YR6/3, dry) dark brown (10YR3/3, 
moist); very gravelly sandy loam; structureless, 
single grained; loose, nonsticky, nonplastic; no 
roots. 
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gorizon 
01 
02 
Depth ~n 
Inches 
1 0-1:a 
IIBZ lthir 1 f-5 
IIB22tir 5-10 
llB3 10-14} 
nc 14f-2s} 
M-2B 
Description 
Black lily, £our-angled mountain heather., 'silky 
lupine, narcissus-flowered anemone, sedge, fern, 
and moss. 
Decayed plant material; abrupt, smooth boundary. 
Light gray {10YR6/l, dry) dark gray {10YR4/l, 
moist); silt loam; structureless, massive; friable, 
sticky, plastic; many roots; boulders encounted 
while digging soil pit; abrupt, smooth boundary. 
Dark reddish brown (5YR3/4, dry) dark reddish 
brown (5YRZ/2, moist); very gravelly sandy loam; 
moderate, medium, crumb structure; friable, 
sticky, slightly plastic; roots present; good per-
meability; clear, wavy boundary. 
Dark brown (7. SYR4/ 4, dry) dark reddish brown 
{5YR3/2, moist); very gravelly loam; strong, 
· fine, crumb structure; very friable, very slightly 
sticky, very slightly plastic; illuviated clays form 
clay skin on pebbles and cobbles; few roots; good 
permeability; clear, wavy boundary. 
Yellowish brown {lOYRS/4, dry) dark brown 
(lOYRZ/2 moist; very grav~lly sand; weak, fine, 
crunib structure; loose, non sticky, nonplastic; 
reduced amount of illuviated clays; few roots; clear, 
irregular boundary. 
Grayish brow~ (2/ 5YS/2, dry) very dark grayish 
brown (2. SY3/Z, moist); very gravelly loamy sand; 
structureless, single grained; loose, nonsticky, 
nonplastic, no roots. 
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Depth in 
Inches 
l 11 Za- a 
1 O-la 
lj-7 
7-12j 
12j-1Sf 
15!-34 
M-2C 
Description 
Black lily, narcissus-flowered anemone, silky 
lupine, sedge, fern, and moss. 
Decayed plant material; abrupt, smooth boundary. 
Grayish brown ( lOYRS/2, dry) very dark grayish 
brown (10YR3/2, moist); silt loam; structureless, 
massive; friable, sticky, plastic; many roots; few 
boulders encountered while digging soil pit; abrupt 
smooth boundary. 
Reddish brown (5YR4/ 4, dry) dark reddish brown 
(5YR3/2, moist); very gravelly sandy loam; strong, 
medium, crumb structure; friable, sticky, slightly 
plastic; roots present; good permeability; clear, 
wavy boundary. 
Yellowish brown ( lOYRS/ 4, dry) dark reddish 
brown (5YR2/2, moist); very gravelly loamy sand; 
strong, fine, crumb structure; very friable, very 
slightly sticky, very slightly plastic; illuviated clay 
form clay skins on pebbles and cobbles; few roots; 
clear, wavy boundary. 
Yellowish brown (lOYRS/4, dry) dark brown 
(10YR2/2, moist); very gravelly loamy sand; weak, 
fine, crumb structure; loose, non sticky, nonplastic; 
reduced amount of illuviated clay; clear, irregular 
boundary. 
' Yellowish brown (lOYRS/4, dry) dark brown 
10YR3/ 3, moist); very gravelly loru:ny sand; struc-
tureless, single grained; loose, nonsticky, non-
plastic; no roots. 
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Depth in 
Inches, 
2-1 
1-0 
2lthir 1}-8f 
11:1-24 
M-4A 
Description 
Black lily, narcissus -flowered anemone, silky 
lupine, dwarf fireweed, sedge 2 and fern. 
Decayed plant material; abrupt, smooth boundary. 
Grayish brown (10YR5/2, dry) very dark grayish 
brown ( 10YR3/2, moist); gravelly silt loam; 
structureless, massive; friable, slightly sticky, 
slightly plastic; many roots; few boulders en-
countered while digging soil pit; abrupt, smooth 
boundary. 
Dark reddish brown (5YR3/4, dry) dark reddish 
brown (5YR2/2, moist); very gravelly sandy 
loam; strong, fine, crumb structure; very friable, 
slightly sticky, slightly plastic; illuviated clay 
form clay skins around pebbles and cobbles; 
roots present; good permeability; clear, wavy 
boundary. 
Dark reddish brown {5YR3/3, moist); very grav-
elly loamy sand; moderate, fine, crumb struc-
ture; very friable, very slightly sticky, non-
plastic; illuviated clay on pebbles and cobbles; 
few roots; good permeability; clear, irregular 
boundary. 
Yellowish brown (lOYRS/4, dry) very dark grayish 
brown (10YR3/2, moist); very gravelly loamy sand; 
structureless, single grained; loose, nonsticky, 
non plastic; no roots. 
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01 
02 
AZ 
llAZ 
me 
Depth ip. 
Inches 
1 11 Zz-- a 
1-!-0 
0-3/4 
. 1 3/ 4-102 
1ot-1s} 
l8i-Z3 
M-4B 
Description 
Black lily, narcissus-flowered anemone, silky 
lupine, dwarf fireweed, sedge, and fern. 
Decayed plant material; abrupt, smooth boundary. 
Light gray (10YR6/l, dry) dark gray {10YR4/1, 
moist); silt loam; structureless, massive; friable, 
slightly sticky, slightly plastic; many roots; 
gradual, irregular boundary. 
Cobbley; structureless, single grained; loose, 
nonsticky, nonplastic; many roots; excellent per-
meability; roots and sediment of A2 horizon sur-
round cobbles; clear, wavy boundary. 
Dark brown ( 10YR3/3, moist); very gravelly 
loamy sand; structureless, single grained; very 
friable, nonsticky, nonplastic; few decayed pebbles; . 
excellent permeability; large cobbles present; dif-
fuse, irregular boundary. 
Yellowish brown (lOYRS/4, dry) dark brown 
(10YR3/3, moist); very gravelly loamy sand; 
structureless, single grained; loose, nonsticky, 
nonplastic; no roots. 
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oz 
AZ 
nc 
Depth in 
Inches' 
zt-1 
1-0 
0-3/ 4 . 
3/4-
5 3/4 
5 3/4-
10 3/4 
10 3/ 4-
27 
M-6A 
Description 
Black lily, narcissus -flowered anemone, silky 
lupine, sedge, fern, and moss. 
Decayed plant material; abrupt, smooth boundary. 
Grayish brown (lOYRS/2, dry) very dark grayish 
brown (10YR3/2, moist); gravelly clay loam; 
structureless, massive; very friable, slightly 
sticky, slightly plastic; many roots, few boulders 
encountered while digging soil pit; clear, smooth 
boundary. 
Dark reddish brown (SYR3/3, moist); very 
gravelly sandy loam; weak, fine, crumb struc-
ture; very friable., sticky, slightly plastic; roots 
present; good permeability; clear, wavy boun-
dary. 
Dark brown (10YR4/ 3, moist); very gravelly 
loamy sand; weak, fine, crumb structure; very 
friable., nonsticky, nonplastic; few roots, good 
permeability; clear, irregular boundary. 
Grayish brown (2. SYS/2, dry) dark grayish brown 
(2. SY4/2, moist); very gravelly sandy loam; 
structureless, single grained; loose, nonsticky, 
nonplastic; no roots. 
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Depth }n 
Inches 
2-1 
1-0 
0-1 
1-1 3/4 
Zlthir 1 3/4-6 
6-1ot 
1ot-
11 3/4 
11 3/4-
29 
M-6B 
Description 
Black lily, narcissus-flowered anemone, silky 
lupine, sedge, and fern. 
Decayed plant material; abrupt, smooth boundary. 
Gray (10YR5/l, dry) dark brown (10YR3/3, moist); 
gravelly silt loam; structureless, massive; very 
friable, slightly sticky I slightly plastic; many 
roots; clear, smooth boundary. 
Cobbley, structureless, single grained; loose, 
nonsticky, nonplastic; many roots; clear, 
smooth boundary. 
Dark brown {7. 5YR4/ 4, dry) dark reddish brown 
5YR3/ 3, moist); gravelly sandy loam; moderate, 
fine, crumb structure; very friable, sticky, 
slightly plastic; roots present; clear, wavy boun-
dary. 
Pale brown (10YR6/3, dry brown (lOYRl/3, 
moist}; very gravelly sandy loam; structureless, 
single grained; very friable, slightly sticky, 
slightly plastic; few roots; clear, irregular boun-
dary. 
Brown {10YR4/3, moist); very gravelly loamy 
sand; structureless, single grained; loose, non-
sticky, -nonplastic; no illuviated clay; no roots; 
clear, irregular boundary. 
Light brownish gray (2. 5Y6/2, dry) dark grayish 
brown (10YR4/Z, moist); very gravelly loamy sand; 
structureless, single grained; loose, nonsticky, 
non plastic; no roots. 
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Depth in 
Inches 
1!-3/4 
3/4-0 
0-3/4 
3/4-1 3/4 
1 3/4-7 
7-9 
9-27 
M-9A 
Description 
Black lily, dwarf fireweed, four-angled mountain 
heather, yellow heather, two flowered violet, 
sedge, and fern. 
Decayed plant material; abrupt, smooth boundary. 
Grayish brown (lOYRS/2, dry) very dark grayish 
brown (10YR3/2, moist); gravelly loam; struc-
tureless, massive; friable, slightly sticky, slightly 
plastic; many roots; abrupt, smooth boundary. 
Cobbley; structureless, single grained; loose, 
nonsticky, nonplastic; many roots; clear, smooth 
boundary. 
Strong brown {7. 5YR4/ 4, dry) dark reddish brown 
(SYR3/3, moist); gravelly sandy loam; weak, 
fine, crwnb structure; friable, sticky, plastic;; 
roots present; clear, wavy boundary. 
Brown ( 10Yr4/ 3; moist); very gravelly loamy 
sand; structureless, single grained; loose, non-
sticky, nonplastic; slight illuviation of clay; few 
roots; clear, irregular boundary. 
Dark grayish brown (2. 5Y4/Z, moist); very grav-
elly loamy sand; structureless, single grained; 
loose, nonsticky, nonplastic; no roots. 
68 
nc 
Depth in 
Inches 
1!-3/4 
3/4-0 
0-3 
13f-Z3 
M-llA 
Description 
Black lily, silky lupine, dwarf fireweed, four-
angled mountain heather, yellow heather, two 
flowered violt, sedge, and moss. 
Decayed plant material; abrupt, smooth boundary. 
Grayish brown (10YR5/2., dry) very dark grayish 
brown (10YR3/2., moist); gravelly silt loam; 
structureless, massive; friable, sticky, plastic; 
many roots; few boulders encountered while 
digging soil pit; abrupt, smooth boundary. 
Dark reddish brown (5YR2./2., moist); gravelly 
sandy loam; moderate, very fine, crumb struc-
ture; very friable, slightly sticky, nonplastic; 
roots present; good permeability; clear, wavy 
boundary. · 
Dark reddish brown (5YR3/ 3); gravelly sandy 
loam; structureless, single grained; very friable, 
slightly sticky, slightly plastic; few roots; 
clear, wavy boundary. 
Yellowish brown { 10YR5/ 4, dry) dark brown 
(7. 5YR3/Z, moist); gravelly loamy sand; struc-
tureless, single grained; loose, nonsticky, 
nonplastic; some illuviated iron oxide and clay; 
no roots; clear, irregular boundary. 
Light olive brown (2.. 5Y5/4, dry) dark grayish 
brown (2.. 5Y4/2., moist); gravelly sandy loam; 
structureless, single grained; loose, nonsticky, 
nonplastic; no roots. 
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Depth in 
Inches 
1t-1 
1-0 
0-2 
2-3 
3-7 
7-14f 
14f-16 
16-24 
M-llB 
Description 
Black lily, silky lupine, dwarf fireweed, two 
flowered violet, sedge, and fern. 
Decayed plant material; abrupt, smooth boundary. 
Grayish brown (lOYRS/2, dry) very dark brown 
(10YR2/2, moist); gravelly silt loam; structure-
less, massive; friable, slightly sticky, slightly 
plastic; many roots; clear, smooth boundary. 
Cobbley; structureless, single grained; loose, 
nonsticky, nonplastic; many roots; clear, 
smooth boundary. 
Reddish brown (5YR4/4, dry) dark reddish brown 
(SYRZ/2, moist); very gravelly silt loam; mod-
erate, fine, crumb structure; slightly friable, 
slightly sticky, very slightly plastic; few roots; 
good permeability; clear, wavy boundary. 
Reddish yellowish (7. 5YR6/6, dry) dark reddish 
brown (5YR3/2, moist); very gravelly loamy sand; 
structureless, single g,rained; very friable, 
slightly sticky, nonplastic; no roots; good perme-
ability; gradual, irregular boundary. 
Brown (IOYR4/3, moist); very gravelly loamy 
sand; structureless, single grained; loose, 
nonsticky, nonplastic; little iron oxide accumu-
lation; no roots; clear, irregular boundary. 
Light olive brown (2. SYS/4, dry) very dark gray-
ish brown (2. 5Y3/2, moist); gravelly sand; struc-
tureless, single grained; loose, nonsticky, non-
plastic; no roots. 
70 
Depth in 
Inches 
Z-1 
1-0 
0-4 
4-5 
5-15 
15-Zl 
M-13A 
Description 
Dwarf fireweed, silky lupine, salmonberry, 
sedge, and fern. 
Decayed plant material; abrupt, smooth boundary. 
Gray (10YR5/ l, dry) very dark grayish brown 
(10YR3/2, moist); very gravelly loam; structure-
less, massive; friable, sl.ightly sticky, slightly 
plastic; many roots; clear, smooth boundary. 
Cobbley; structureless, single grained; loose, 
nonsticky, nonplastic; many roots; roots and 
sediment of AZ horizon surround cobbles; clear, 
smooth boundary. 
Reddish brown (5YR4/4, dry) dark reddish brown 
(5YR2/2, moist); very gravelly loamy sand; many 
boulders present but not taken as sample; boulders 
cause excellent permeability; strong, fine, crwnb 
structure; friable, slightly sticky, slightly plas-
tic; clay skins on pebbles and cobbles; roots pre-
sent; gradual, wavy boundary. 
Strong brown (7. 5YR5/6, dry) dark reddish brown 
(5YR3/2, moist); very gravelly sandy loam; many 
boulders present but not taken as sample; boulders 
cause excellent permeability; moderate, fine, 
crumb structure; friable, slightly sticky, slightly 
plastic; clay skins on pebbles and cobbles; roots 
present. 
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Depth in 
Inches 
Z-1 
1-0 
1 0-Za 
z}-3 
1 3-43 
41. 7.! . z- a 
7f-14 
14-17 
17-23 
M-13B 
Description 
Dwarf fireweed, silky lupine, salmonberry, sedge, 
and fern. 
Decayed plant material; abrupt, smooth boundary. 
Light gray (10YR4/l, dry) dark gray {10YR4/l, 
moist); gravelly loani; structureless, mas~ive; 
friable, sticky, slightly plastic; many roots; 
abrupt boundary. 
Cobbley; structureless, siI1gle grained; loose, 
nonsticky, nonplastic; many roots; clear, smooth 
boundary. 
Dark reddish brown (5YR3/ 3, dry) dark reddish 
brown (5YR2/2, moist); very gravelly sandy loam.; 
friable, slightly sticky, slightly plastic; roots pre-
sent; excellent permeability; clay skins on pebbles 
and cobbles; abrupt, wavy boundary. 
Strong brown (7. 5YR5/6, dry) dark reddish brown 
(5 YR3/3, moist); very gravelly sandy loam.; 
strong, fine, crumb structure; friable, slightly 
sticky,, slightly plastic; roots present; good per-
meability; clay skins on pebbles and cobbles; clear, 
wavy boundary. 
Very dark grayish brown ( 10YR3/2, moist); 
mottling present (distinct, common, medium, dark 
reddish brown 5YR3/ 3); very gravelly sandy loam; 
structureless, single grained; very friable, slightly 
sticky, nonplastic; few roots; clear, irregular 
boundary. 
Very dark grayish brown (10YR3/2, moist), very 
gravelly loamy sand; structureless, single grained; 
loose, nonsticky, nonplastic; no roots; clear, ir-
regular boundary. 
Cobble layer; structureless, single grained; loose, 
nonsticky, nonplastic; excellent permeability; no roots. 
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M-14A 
Description 
Black lily, silky lupine, salmonberry, sedge, and 
fern. 
Decayed plant material; abrupt, smooth boundary. 
Grayish brown ( lOYRS/2, dry) very dark grayish 
brown (10YR3/2, moist); gravelly silt loam; struc-
tureless, massive; friable, sticky, plastic; many 
roots; abrupt, smooth boundary. 
Dark reddish brown (5YR3/4, dry) dark reddish 
brown (5YR2/2, moist); very gravelly loam; 
moderate, fine, crumb structure; very friable, 
nonsticky, nonplastic; roots present; good per-
meability; gradual wavy boundary. 
Strong brown (7. 5YR5/6, dry) dark reddish brown 
( 5YR3/ 3, moist); very gravelly sandy loam; struc-
tureless, single grained; very friable, non sticky, 
nonplastic; few roots; few small boulders and 
large cobbles cause excellent permeability; clear, 
irregular boundary. 
Reddish brown (5YR4/4, moist); very gravelly 
loamy sand; structureless, single grained; loose, 
nonsticky, nonplastic; clay skins on pebbles; ex-
cellent permeability; no roots. 
73 
01 
02 
A2 
Depth ~n 
Inches 
2-1 
1-0 
0-2 
M-14B 
Description 
Black lily, salmonberry, fern, and moss. 
Decayed plant materialj abrupt, smooth boundary. 
Grayish brown (10YR5/2, dry) dark gray (10YR3/3, 
moist); grav_elly silt loam; structureless, massive; 
friable, sticky, plastic; many roots; abrupt, 
smooth _boundary. 
2-6 Dark reddish brown (5YR3/4, dry) dark reddish 
brown (5YR2/2, moist); very gravelly sandy loam; 
friable, slightly sticky, slightly plastic; roots pre-
sent; good permeability; clear, wavy boundary. 
IlB22tir 6-9 Strong brown (7. 5YR5/6) dark reddish brown {5YR3/3 
moist); very gravelly loamy sand; slightly friable, 
slightly sticky, slightly plastic; roots present; good 
permeability; clear, wavy boundary.' 
IlB3 9-14 
nc 14-21 
Yellowish brown (10YR5/6, dry) dark brown 
( 10Yr3/ 3, moist); very gravelly loamy sand; struc-
tureless, single grained; loose, nonsticky, non-
plastic; few roots; clay skins on pebbles; clear, 
irregular boundary. 
Dark yellowish brown {10YR4/4, moist); very grav-
elly loamy sand; structureless; single grained; loose, 
nonsticky, nonplastic; no roots. 
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Depth in 
Inches 
1 l-2 
t-o 
0-Zi 
1 93 -12 
12-zot 
M-lSA 
Description 
Undecayed spruce needles; spruce, alder, and 
fern nearby. 
Decayed spruce needles; abrupt, smooth boundary. 
Light gray (SY6/ 1, dry) gray (SYS/ 1, moist); 
gravelly loamy sand; structureless, single grained; 
loose, nonsticky, nonplastic; small and large roots 
from a nearby spruce tree; horizon appears slightly 
bleached; excellent permeability; abrupt, smooth 
boundary. 
Gray (SYS/1, dry) dark gray (SY4/l, moist); 
very gravelly loamy sand; structureless, single 
grained; loose, nonsticky, .nonplastic; few 
roots; excellent permeability; abrupt, sn10oth boun-
dary. 
Gray (SYS/1,. dry) dark gray (SY4/l, moist); 
gravelly loamy sand; structureless, single grained; 
loose, non sticky, nonplastic; excellent permeabil-
ity; abrupt, smooth boundary. 
Gray (SYS/1, dry) dark gray (SY4/l, moist); very 
gravelly loamy sand; structureless, single grained; 
loose, nonsticky, nonplastic; excellent permeabil-
ity; no roots. 
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Depth ,in 
Horizon Inches 
01 1-j; 
02 t-o 
AZ 0-2} 
C zf-14 
M-15B 
Description 
Undecayed spruce needles; spruce, alder, and fern 
nearby. 
Decayed spruce needles; abrupt, smooth boundary. 
Light gray (5Y6/l, dry) gray (5Y5/l, moist); 
very gravelly loaniy sand; structureless, single 
grained; loose. nonsticky, nonplastic; small and 
large roots from nearby spruce trees; horizon 
appears slightly bleached; excellent permeability; 
abrupt, smooth boundary. 
Gray (5Y5/l, dry) dark gray (5Y4/l, moist); 
gravel; structureless, single grained; loose, non-
sticky, nonplastic; few small roots to a depth of 
nine inches; excellent permeability. 
76 
Depth in 
Horizon Inches 
01 l 
02 :1--0 
C 0-22 
M-19A 
Alder 
Decayed plant material; abrupt, smooth boundary. 
Gray (2. SYS/0, dry) dark gray (2. SY3/0, moist); 
very gravelly loamy sand; structureless, single 
grained; loose, non sticky, nonplastic; few roots 
to a depth of 10 inches; good permeability. 
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APPENDIX B 
This appendix contains the data from the particle-size and chem-
ical analyses of the horizons of the eighteen soil profiles described on 
Charlotte Ridge. Refer to Figure 8 for the location of the soil profiles. 
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Particle Size Distribution 
GRA. v. c. s. c.s M. S. F. S, V. F, S • Silt Silt Silt Clay 
Depth 1- • 5- . 25- . 10- . 05- .02- .005-
in 2* 2-1 • 5 .25 . 10 • 05 • 02 .005 .002 • 002 
Inches Horizon % % % % % % % % % % 
2-1 01 
1-0 02 
0-2 A2 7.48 2.74 3.24 2.95 4.22 2.54 19.82 23. 18 18. 81 12.45 
2-7t IIB2 lthir 56. 10 5.79 7.28 5,64 6.03 2.56 4. 38 4.73 0.88 1. 22 
.7{'-1 ot I1B22tir 61. 60 10.02 7.01 4.92 4. 95 2.06 3.78 4. 12 0.43 1. 12 
lOf-33 IIC 54.60 11. 15 7. 51 5. 18 5. 21 2. 17 4.21 6.44 0.75 1. 39 
co 
0 
Soil Profile M2B 
2t-1t 01 
1t-o 02 
. 1 O-la A2 0 0,98 2. 59 4.77 5.67 4,04 21. 00 33,90 6. 07, 17.8 
1}-5 IIB21thir 53.60 10.79 5. 91 5. 83 5.29 2.29 2.47 4.83 1. 57 3.01 
5-10 I1B22tir 76.75 6.76 4. 23 3.22 2.76 1. 11 1. 28 t. 16 0.33 1. 35 
10-14-l IIB3 64. 10 11. 82 8.04 .5.33 4. 14 1. 32 1. 06 2.61 0,06 1. 12 
14t-2s!- uc 66.40 10.93 7.63 5. 18 3, 32 0.94 1. 91 2.04 0,45 . 19 
*Textural sizes given in millimeters 
Total Calcium Organic Total 
Soil Depth in Carbon Carbonate Carbon Nitrogen 
Profile Inches Horizon % % % "lo C/N 
M2A 
2-1 01 
1-0 02 
0-2 AZ 7.34 0 7.34 0.619 lZ. 20 
2-7! IIB2 lthir 5.01 0 5.01 0.445 11. 20 
1t-10-! IIB22tir 3. 58 0 3. 58 o. 141 2.54 
10!-33 · IIC 0.90 O.Z5 . 55 0. 385 1. 39 
M2B 
l 1 22-12 01 
1t-o 02 
1 A2 lZ. 37 0 12. 37 0.6ZZ 19.90 O-la 
(X) 
1!-5 IIB2lthir 9. 11 0 9. 11 0.397 ZZ.90 .... 
5-10 IIBZZtir 4. 30 0 4. 30 O.Z8Z 15. 30 
10-14! IIB3 1. 6Z o.os 1. 54 0.677 Z.27 
14t-z8! IIC 0.90 0.42 0.48 0,015 3Z.OO 
Soil Profile MZC 
Particle Size Distribution 
GRA. v. c. s. c.s M. S. F. S. V. F. s. Silt Silt Silt Clay 
Depth 1- . 5- . 25- . 10- . 05- .02- .005-
in 2* 2-1 • 5 . 25 • 10 . 05 . 02 . 005 . 002 • 002 
Inches Horizon % % % % % % % % % % 
---·-
2 l 1 2-lz: 01 
1t-o 02 
0-li AZ 13. 10 6. 08 2.71 2. 21 3. 84 3. 66 20.67 31. 80 -- 19.7 
11--7 IIB2 lthir 62.60 9.79 5.90 4.33 4. 13 1. 67 3. 57 4. 10 0.79 2.58 
1 7-122 IIB22tir 54.80 11. 88 8.84 6.54 5. 56 2.09 3. 14 2.85 0.60 2.21 
12}-15t IIB3 
15-}-34 IIC 61. 40 12.64 8. 16 5.79 4.62 1. 57 2.42 2.49 o. 61 . 46 
CD 
Nl Soil Profile M4A 
2-1 . 01 
1-0 02 
0-It A2 25. 42 6. 17 3. 51 3. 17 4.02 2.55 14. 19 22.78 5.22 12.92 
1-;t .. 8f IIB2Ithir 53,80 11. 48 8. 18 6. 39 5. 88 L 77 1. 87 4.66 I. 1 2. 35 
8t-11t IIB22tir 
11t-24 IIC 56.90 I I. 63 8.42 6. 32 5. 52 I. 83 2.45 3.26 0.64 1. 67 
*Textural sizes given in millimeters 
Total Calcium Organic Total 
Soil Depth in Carbon Carbonate Carbon Nitrogen 
Profile Inches Horizon % % % % C/N 
M2C 
l 11 22- 2 01 
1}-0 02 
0-1! AZ 10.03 0 1(), 03 0.729 14. 14 
it-7 IIB21thir 8.74 0 8.74 0.212 41. 25 
1 7-122 IIB22tir 4.27 0 4.27 o. 195 21. 87 
1 51 
. IIB23 122-l 2 
C:.IJ 15!-34 IIC 1. 06 0 1. 06 0.042 25. 25 0 
w 
00 
00 oo, M4A 
2-1 01 
CX> 1-0 02 l.;.) 
0-1:i AZ 13. 4 0 13. 4 0.675 19.89 
11 8 l 4- z IIB2 lthir 8.8 0 8,8 0,317 27.82 
8f-11 t IIB22tir 
ll!-24 IIC 1. 21 . 21 1. 00 0.336 2.98 
Soil Profile M -4B 
Particle Size Di st ri bution 
GRA. v. c. s. c. s M.S. F. S. V. F. S. Silt Silt Silt Clay 
Depth 1- . 5- . 25- • 10- • 05- .02- .005-
in 2* 2-1 • 5 • 25 • 10 • 05 . 02 . 005 . 002 . 002 
Inches Horizon % % % % % % % % % % 
2 1 1 2-12 01 
1t-o 02 
0-34 A2 27. 34 20.03 33.60 4.43 14.60 
3/4-10} IIA2 
1ot-1s} I1IB2tir 
l8i-23 IIIC 62.9 10. 51 7. 18 5.42 4. 83 1. 87 2.26 2. 18 0.47 1. 09 
<» Soil Profiie M6A .i.. 
1· 22-l 01 
1-0 02 
0-3/4 A2 20. 30 4. 43· 2. 79 2.67 4. 17 2.02 3. 61 14. 10 27. 18 16.58 
3/4-5 3/4 
IIB2lthir 
5 3/4-
10 3/4 I1B22tir 
10 3/4-. 
27 UC 52.20 9.81 6.74 5,70 6.63 3. 11 5.94 6.27 0.57 3. 0 
*Textural sizes given in millimeters 
Organic Total 
Carbonate Carbon Nitrogen 
·Horizon o/o % % °lo C/N 
--~-······-··---
M4B 
1 1 t Zz- 1' 01 
1f-o oz 
0-3/4 AZ 13,50 0 13. 50 o.868 15.56 
3/4-lOj' I1AZ 
10!-18!- IIIBZtir 
18j-Z3 IIIC 4.0Z o. 58 3.44 0.075 45.80 
M6A 
l 22-1 01 
1-0 oz 
00 0-3/4 AZ 12.Zl 0 12. Z 1 0.720 16.92 
U1 3/4-5 3/4 IIBZlthir 
5 3/4- IIBZZtir 
10 3/4 
10 3/4-27 !IC 1. 05 . 44 .61 0,071 8.60 
Soil Profile M6B 
Particle Size Distribution 
GRA. v. c. s. c.s M. s. F, S. V. F. S. Si!t Silt Silt Clay 
Depth 1- . 5- • 25- • 10- . 05- • 02- . 005-
in 2* 2-1 • 5 • 25 . 10 .05 . 02 • 005 . 002 • 002 
Inches Horizon % % % % % % % % % % 
2-1 01 
1-0 02 
0-1 A2 17. 15 6. 53 3.27 2.75 4.88 2.94 17. 9 5 27.65 5.50 11. 32 
1-1 3/4 IIA2 
1 3/ 4-6 IIIB2 lthir 39.99 8.22 5.44 4.78 8.03 4.34 9.71 10.03 1. 81 5,04 
6-lOi IIIB22tir 
lOi-11 3/4 IIIB3 
11 3/4-29 IIIC 
00 
a,. 
Soil Profile M 9A 
l!-3/4 01 
3/4-0 02 
0-3/4 A2 45.40 9.24 6.86 5.76 5. 78 2.00 7.26 14.00 2. 75 4.75 
3/4-1 3/4 IIA2 
1 3/4-7 IIIB2tir 48.75 10. 15 7.22 7. 21 7.34 2. 71 3, 71 6.55 1. 46 3.52 
7-9 IIIB3 
8-27 IIIC 
*Textural sizes give·n in millimeters 
l 
Total Calcium Organic Total 
Soil Depth in Carbon Carbonate Carbon Nitrogen 
Profile Inches Horizon % % % % C/N 
M6B 
2-1 01 
1-0 02 
0-1 A2 7. 58 0.08 7. 50 o.639 11. 74 
1-1 3/4 IIA2 
1 3/4-6 IIB21thir 3. 54 0 3. 54 0.254 13.95 
6-lOt IIIB22tir 
10{-11 3/4 IIIB3 
11 3/ 4-29 IIIC 
00 M9A 
-J lt-3/4 01 
3/4-0 02 
0-3/4 A2 7.06 0 7.06 0.725 9.74 
3/4-1 3/4 IIA2 
1 3/4-7 1IIB2tir 2.63 0 2.63 o. 163 16. 10 
7-9 IIIB3 
9-27 IIIC 
Particle Size Distribution 
GRA. v. c. s. c.s M. S. F. S. V. F. S. Silt Silt Silt Clay 
Depth 1- • 5- . 25- • 10- . 05- . 02- . 005-
in 2):C 2-1 • 5 • 25 • 10 . 05 • 02 .005 . 002 . 002 
Inches . Horizon % % % % % % % % % % 
lf-3/4 01 
3/4-0 02 
0-3 AZ 46.40 5.94 3. 73 3.28 3. 96 1. 9 5 8. 1 12.89 3. 91 5. 28 
l 2-41 IIB21thir 
4}-7! IIB22tir 
7f-13i IIB3 41. 72 12. 08 11.28 9.69 10. 01 3. 90 3. 36 4.37 0.99 1. 28 
13f-23 IIC 46.40 13. 14 9.44 7.92 8.68 3. 38 3.86 3. 86 o.68 1. 25 
CX) 
O,') 
Soil Profile M llB 
11-1 01 
1-0 02 
0-2 AZ 47.20 6.95 3. 95 2.71 3. 91 1. 94 10. 31 14.45 3. 39 5. 15 
2-3 IIA2 
3-7 IIIB21thir 69.80 6,88 4.4 3.04 3. 19 1. 41 2.59 4.68 0.75 2. 38 
7-14t IIIB22tir 60.40 13, 52 9. 13 5. 99 4.64 1. 56 3. 38 2.31 o. 58 1. 15 
14f-16 IIIB3 
16-24 IIIC 62. 10 11.04 7.54 5.98 5.94 2.01 2. 04. 1. 56 o. 32 0.62 
*Textural sizes given in millimeters 
~ 
Organic 
Soil Depth in Carbon Carbonate Carbon Nitrogen 
Profile Inches Horizon % o/o % % C/N 
MllA 
li-3/4 01 
3/4-0 02 
0-3 A2 11. 20 0 11. 20 0.735 · 15. 20 
3-4} IIB2 lthir 
4t-7t IIB22tir 
7i-13f IIB3 2.03 0.21 1. 82 0.088 2.0. 50 
13}-23 IIC 1. 44 0.45 0.99 0.030 33.00 
MllB 
00 1t-1 01 
'° 1-0 02 
0-2. AZ 7.63 0 7. 63 0.551 13. 7 3 
2.-3 IlA2. 
3-7 IIIB 21 thi r 4.77 0 4.77 0.378 12.. 62. 
7-14-l IIIB2.2.tir 3.08 0. 12. 2. 96 0,307 9.64 
14f-16 IIIB3 
16-2.4 IIIC 1. 41 0.41 0.94 o. 146 6.44 
"° 0 
Particle 
GRA. v. c. s. 
Depth 
in 2* 2-1 
Inches Horizon % % 
2-1 01 
1-0 02 
0-4 AZ 65.01 5. 95 
4-5 IIA2 
5-15 IIIB21thir 56.20 11. 35 
15-21 IIIB22tir 73. 80 6.82 
*Textural sizes given in millimeters 
c.s M. S, 
1- • 5-
. 5 . 25 
% % 
3. 12 2. 14 
6.71 4.73 
4.37 3. 45 
Size Distribution 
F. S. V. F. S. Silt Silt Silt Clay 
. 25- . 10- • 05- . 02- • 005-
. 10 .05 • 02. • 005 . 002 . 002 
% % % % % % 
2.29 1. 47 5. 18 9.46 1. 83 3. 50 
4.82 2. 14 8.65 1.01 2.40 
3. 33 1. 31 1. 73 2. 64 . 0.45 1. 51 
l 
'° .... 
Soil 
Profile 
M13A 
. Depth in 
Inches 
2,-1 
1-0 
0-4 
4-5 
5-15 
15-21 
Total 
Carbon 
Horizon % 
01 
02 
A2 7.42 
IIA2 
IIIB21thir 5.33 
IIIB22tir 4.26 
Calcium Organic Total 
Carbonate Carbon Nitrogen 
% % % C/N 
o 7.42 0.530 ·14 
o 5.28 o. 370 14. 30 
. 42 3.84 0.277 13. 90 
Particle Size Distribution 
GRA. v. c. s. c.s M.S. F. S. V. F. S. Silt Silt Silt Clay 
Depth 1- . 5- • 25- • 10- .05- .02- .005-
in z~:< 2-1 • 5 .25 . 10 • 05 . 02 . 005 • 002 · • 002 
Inches Horizon % o/o % % % % % % % % 
2-1 01 
1-0 02 
1 0-22 AZ 38. 68 11. 90 6.08 3. 96 3.70 1. 58 9. 59 14.62 2.84 6.09 
2}-3 IIAZ 
3-4} IIIB21thir 50.60 12.72 7. 81 5.78 5.65 2.26 4.06 4.69 1. 45 4.05 
4i-7t IIIB22tir 65. 60 9.29 5. 82 4.37 4.07 1. 68 1. 98 3. 68 0.72 2. 33 
7}-14 IIIB23tir 59.60 12. 32 7.71 6.02 6.05 2.61 3. 34 4.46 1. 31 2.43 
14-17 IIIB3 
17-Z3 IIIC 
'° N 
*Textural sizes given in millimeters 
"' l.,J
Soil 
Profile 
Ml3B 
Depth in 
Inches 
2-1 
1-0 
1 0-22 
zt-3 
3-4t 
1 71 42- 2 
7f-14 
14-17 
17-23 
Horizon 
01 
02 
AZ 
IIAZ 
IIIBZ lthir 
IIIBZZtir 
IIIB23tir 
IIIB3 
IIIC 
Total Calciu:m Organic Total 
Carbon Carbonate Carbon Nitrogen 
% % % % C/N 
3. 76 o. 12 3. 64 0.331 11 
3.94 0 3.94 0.252 15. 6 3 
3. 29 0 3.29 o. 113 29. 1 
1. 47 0.21 1. 26 0.027 46.7 
Particle Size Distribution 
GRA. v. c. s. c.s M. S. F. S. V. F. S. Silt Silt Silt Clay 
Depth 1- .5- . 25- . 10- .05- . 02- .005-
in Z* 2-1 . 5 .25 . 10 .05 . oz .005 . 002 .002 
!riches Horizon % % % % % % % % % % 
Z 3/4- 01 
1 3/4 
1 3/4-0 oz 
0-3t AZ 32.22 4.77 2.41 2.26 4. 13 3. 10 11. 84 21. 79 5. 37 8.23 
3t-5t IIB2 lthir 56. 60 6.99 3.76 3. 12 4.54 2.72 5.76 9. 01 1. 69 4. 59 
5f-12! IIBZ2tir 71. 20 5. 71 3. 79 3. 13 3.68 1. 81 3.22 3.64 0.66 2.04 
12!-24 IIB23tir 59. 50 8.71 5.74 4.38 4.72 2.07 3. 69 5.08 1. 33 4.22 
'° If. 
Soil Profile Ml4B 
Z-1 01 
1-0 oz 
0-2 AZ 42.00 5. 41 3. 18 2.88 4. 57 2, 71 10.04 18. 38 3. 94 5. 18 
2-6 IIBZ lthir 
6-9 IIB22tir 46.60 11. 39 9.09 6.79 7.92 3. 26 3.26 1. 48 5. 75 3. 79 
9-14 IIB3 60.90 8. 34 6.66 5.44 6.22 2.92 2. 12 3.73 0.71 2.22 
14-21 IIC 
*Textural sizes given in millimeters 
Nitrogen 
·a v/0 "lo C/N 
M14A 
2 3/4-1 3/4 01 
1 3/4 .. 0 02 
0-3! A2 6. 89 0 6.89 0.608 11. 30 
3!-5-k IIB2 lthir 5. 70 0 5. 70 0.490 11. 60 
5}-12} I1B22tir 8. 58 0 8. 58 0.401 4.67 
12f-24 IIB23tir 4.86 0 4.86 0.307 l."58 
M14B 
2-1 01 
1-0 02 
'° 0-2 A2 4.45 0.09 4. 34 0.422 1 o. 03 ln 
2-6 IIB2 lthir 
6-9 IIB22tir 3. 45 0 3.45 0,256 13.47 
9-14 IIB3 1. 63 . 16 1. 47 o. 113 13. 00 
14-21 UC 
'° O" 
Depth 
in 
Inches Horizon 
1-lt 01 
t-o 02 
0-Zf AZ 
zt-9! C 
9f-12 IIC 
1 12-20;-r II!C 
1 1:-a 01 
t-o 02 
0-Zf AZ 
Zi-14 C 
GRA. 
2* 
% 
76.90 
76. 10 
76.40 
87.40 
96. 30 
v. c. s. 
2-1 
% 
6.78 
6.42 
8. 13 
3.99 
I. 48 
*Textural sizes given in millimeters 
c.s M. S. 
1- . 5-
. 5 .25 
% % 
3.95 2.86 
4. 37 3. 12 
4.27 2.91 
Soil Profile 15B 
2. 34 
0.59 
1. 42 
0. 36 
Size 
F. S. 
. 25-
. 10 
% 
2.64 
3. 19 
2.71 
1. 27 
0.30 
V. F. S. 
. 10-
. 0 5 
% 
0.88 
1. 28 
1. 14 
o. 38 
0. 14 
Distribution 
Silt 
. 05-
.02 
% 
1. 26 
2.07 
1. 31 
0.47 
0 
Silt 
. 02-
.005 
% 
2. 11 
2.23 
1. 51 
I. 06 
0. 50 
Silt 
. 005-
. 002 
% 
0 
0 
0.40 
0.48 
0. 58 
Clay 
. 002 
% 
0.45 
0.42 
0. 51 
0. 37 
0. 14 
Total Calcium : Organic Total 
Soil Depth in Carbon Carbonate Carbon Nitrogen 
Profile Inches Horizon % % % % C/N 
MlSA 
1 l-2 01 
0 oz 
0-Zf AZ 0.73 o.6 0.13 • 080 1. 63 
1 9 1 22- 2 C 1. 68 o. 51 1. 17 • 116 10.01 
9t-1z IIC 
12-zot IIIC 0,72 0.72 0 neg. 
M15B 
l 1-12 01 
'° 
t-o oz 
-J 1 0-22 AZ z. 48. 0.69 1. 79 0.051 35. 1 
l 22-14 C 0,65 0.65 0 0,860 0 
Depth 
in 
Inches 
1-t 
1 1-0 
0-20 
'° 1-:l-
co .i _o 
4 
0-2Z 
Horizon 
01 
02 
C 
0 
02 
C{8") 
C( 18 11 ) 
GRA. 
2* 
% 
61. 10 
67.80 
68.40 
Particle 
v. c. s. 
2-1 
% 
9. 56 
7.26 
8. 58 
*Textural sizes given in millimeters 
Size 
c.s M. S. F. S. 
1- . 5- . 25-
. 5 .25 . 10 
% °l() 
6.89 5. 34 6.33 
Soil Profile Ml9A 
5.28 
5.33 
4.72 
3. 97 
6.34 
4.74 
V. F. S. 
. 10-
.05 
% 
2.69 
2.72 
2.94 
Distribution 
Silt 
. 05-
. 02 
% 
3.24 
3. 19 
0.09 
Silt 
. 02-
.005 
% 
3.45 
1. 68 
5.64 
Silt 
. 005-
. 002 
% 
o. 61 
0.22 
0.35 
Clay 
. 002 
%. 
0.20 
o. 17 
o. 18 
'° ..c, 
Soil 
Profile 
M17A 
M19A 
Depth in 
Inches 
1 l-z 
t-o 
0-20 
1-:;} 
t-o 
0-22 
Horizon 
01 
02 
C 
0 
02 
C{B") 
C(l8") 
Carbon 
% 
0.24 
o. 61 
0.86 
Carbonate 
% 
.25 
0.62 
0.86 
Carbon 
% 
0 
0 
0 
Nitrogen 
% 
. 206 
o. 148 
0.247 
C/N 
0 
0 
0 
